—

oles (D 5 Dynanic Hodels g nloies
- L&P&f—"iﬂl’ Celabions used in wmodels ¢

TABLE 2.1

Some Linear Constitutive Relations

Constitutive Relation for

Energy Dissipating

Energy Storage Elements Elements
D-type
A-type (Across) T-type (Dissipative)
System Type Element (Through) Element Element
Translatory-Mechanical Mass Spring Viscous Damper
v = velocity do dﬁ —
f = force M= = ko f=bv
Newton’s s di dt b = damping
(New o’r’: s ;icac;n aw) (Hooke’s law) constant
- s k = stiffness
Electrical Capacitor Inductor Resistor
v = voltage dv _ . di Ri=7v
i = current C _ ¥ L—=v _ .
At At R = resistance

C = capacitance L = inductance

Thermal Thermal Capacitor None Thermal Resistor
T= tflirnperatur;e difference daT ROQ=T
Q = heat transfer rate T Q R, = thermal
C, = thermal resistance
capacitance
Fluid Fluid Capacitor Fluid Inertor Fluid Resistor
P = pressure difference AP d —
Q = volume flow rate Cf —_— = f —Q =P RfQ P
dt dt R, = fluid
C; = fluid capacitance I;= inertance resistance

S grce /Cu_,ge.u‘f Qv\g_‘oi\: I

}-;rce Cﬁ) — Currem\f (L§
\/c,oc.'lr_-.)C\!> —3 \/o”'ﬁﬂc (\D
g:plem Patamells 5 ™M —» C

kK — | /L

b — | /R

N=F of lakes

( = Ax + Ru+Fv  c=#d b
5 = pxz\( + I%”_LA P: 2 of OMS
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— ElecLF al Sg; S wJeUm 3 4—|v\ eledric Crct-.Ll"vOc)e”-ﬁ
# of Shkes = #al Cgl

wlc (5=CAVe =V in He ciceuil
de - Ve is o sl
+ \‘._ =L _3_1.;_': LT - TL s a skbe (or 3. erene
L

in Curteds Ext Tia)

— Monlinear  Stale Space_mode| ©

tleb He scaler syslem  ¥=Foo , X €R
+ Defe X=¥our DX ¥ X2 + MY

ohere Yo = 0‘92.('0}11\5 poink

X = I ¢ w)
Opeml-::s poink (Yo ; Uo)
Y-‘-‘- Xb 1+ ﬁ)(

L= Ut AU
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d <BT - DT & EB_+_&J_: ¢
EANSY ./ % 5% 5%

, Oubpds of Hho spslem. (¥, © .-.\
(here = indepedent (Coordinclhes necessary o describe
Me <yslem’s mohioa.
OME orresponding Ioc.c‘a'rg in ead. Gordindhe.

L KX =0 = Fi(qe) = polenbial enerq
J?: rv\.‘\‘lz - ’|—: pz (é'(.q-): (<.\Ae_|'1'Q EV\QG_&, (A I‘va\« c:ﬁ
()80 Syshem masses ineChas , linenr [ angular

. uelaoc,'ke,S.
—\,i\D X‘L = Q = ﬁ; (C}LL> = Cnefyy A.’fS.'pquo« Jue o
JiSCoans Df‘lC)“"b’\.

— Deriveg EOM uia Lagrumge
) Saled Cn f«ée(e“}e,& Sang.,.. csp Cooréir\nl-eﬂ, (aLB
® léenlﬂ'% 'oo-u\ins Qe .
G) Der;oa T—/ U, Q
@ Subshhde resdbs in Lasoame .

— Trslobonl % Balebional Mabion

Table 2.1: Comparison of Translational and Rotational Mecnanics

Translational (linear) Rotational (in a plane)

Quantity Unit Quantity Unit
Displacemert (s} m Rotation (B) rad
Velodgity (v) [m/s] Rotational Speed (w) [rad/s]
Acceleration (a) [m/s?] | Rotational Acceleration {a) [rad/s9]
Jerk (j) [m/sd] | - -
Jounce (also called snap) [m/s?] | - -
Force(F) N] Torque(T) Nm]
Mass (m) o kal Mass Momentof Inertia (1) kgmd
Kinetic ErergyKE = 'mvlz [J] Rinetc Enegy KE = ‘Iw‘ﬂ,2 [J]
F=ma T=la
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Fhus Speed L 35 tomque
— Lek (3 = jearbex ceduchon (Rho,
Let (HSS) b Ho dcve slkafl sde.
Leb (LSS) be He load Side Slafl

= QLm H.ere IS no pawrr (oSS ("'l:- look) 2

p(.:po . ,C(«)L=|oh_)o
FS: _L—‘)_.h_ = L»)HSS' N,
T () 0.(1) n 0,(1) T,(1)
Lo LILss ,( i N > >
Co = No = To - LX Input
¢ Ne T Wo drive gear,
= Gear 1  Output
driven gear,
Gear 2
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- Qeori]—-'nﬁ e pregieus qML-N *

P, = nsP; (2.31)
Towo = nsTiw; (2.32)
rg = — = —155 (2.33)

Wo Wwrss
W T,
g = — = — 2.34
'9 Wo I”Tl ( )
T, = nyryT; (2.35)
Trss =ngrqTuss (2.36)

- Spur, helicsl ,Eeue.' gears lawe M = Q¥ — 9g /-
- (Doeim L\QS 'Y\—.:. ()-O-qg’/-
- Crossd heliesl L&S rq___ Zo — QR ¥-

- —”':0_ Square op Gesring reho CrSl) (S wsed hen We wenl
o (nd He esruiumlenl« inerha ol He(HSS) due o Heo (el
H.ﬂl' e K;ae,lq'c eneqy mush be Me Same.

I\"'SS = Liss EQLI"O}

(9™

-+ Pu“&gs ~
—Assu«tg no Sf:‘opi.:, belween

H‘Q ‘98“‘ Gt\ﬁb Pu—“ﬁqs ! the
linear displacened alowy Mo
belk and ‘DD“\ pu\"e:,( = 5

X= AN = AO (o EZ,-"H]
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(= A = (2 = do = Na| [2.42]
DO (O di N

~ [nerhba & e cellechon behoeen (HSSD ard (LSS
[ss Me Same (‘e_lqln'ongL.i‘o oS the gear mechonism .

¥ ..L:E?‘A SCLQv,.D me_c.LAm'sD? (PO'*?I Scresn)

- guppose Lok He screw
rolelion L’d (6) and He nud
~ The |eau) of Mo screw iss

Q= 97| CR.03

Lherg s (= oxicl dishance woved per one (ad, of seres folebian.

L =np| 203 et p= Hha pikek

N = Number UC LeeJ'L-[S'mb\e '
O)a-..“e / H‘iplc—S

- ﬂo_ nel pofCL O.Ual\qla(e abm H-ﬂ A = }od({\\e Hsn 'oq.) e

C:_%Tz = 2Me Ta | L3.33
/

Wherez Tr= He net borgue.
€= lead sered efficiens .

- Selc ]ockiﬂg Cm)'.‘n'oh"- L_-)L_Us% dm = d"‘ _B

2
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Table 8-5 T — Nut Material

Coefficients of Friction f Material Steel Bronze Brass Cast Iron
for Threaded Pairs Steel, dry 0.15-0.25 0.15-0.23 0.15-0.19 0.15-0.25
Source: H. A. Rothbart and Steel, machine oil 0.11-0.17 0.10-0.16 0.10-0.15 0.11-0.17
T. H. Brown, Jr., Mechanical

D(Sigﬂ Handbook, 2nd ed.. Broﬂle 0.08—0.'2 0.04—0.06 —_ 0.06—0.09
McGraw-Hill, New York, 2006.

dim | ¥+ % ¥ ¥ § 3 ¥ 1! 1 11 13 2 2 3
1 | 1 1 1 1 1 1 1 1 1 1 1
p.m ™ L ™ ™ 4 % T T T T T T 7
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“ Thread =
meton  We unwind one turn:

/‘I/—-I Lead

27l
This shows an inclined
ramp with angle

rm
Mean

thread
radius

o Lead
o = tan =
,,,,,, <71,
— : -1
The Mean Radius is midway a=tan  —
betw: the Crest and Root Radii.
etween the Crest and Root Radii ”dm 387 x 584

- m L&‘ix Gts‘e °£ MA Sclfeo (¢

‘I-m\ X = —T%In Where % CL= mean dicneler @ﬂ- He screw

¥ Assum::_q ngf‘e Hiceads®
— The pncl—ioml Lo(‘r.u: S 2

TE = M Tr| [353 Ohere 8 ]',‘2 Coefl. of fickon
QC

- Tl@ screw eﬂﬁawj 'S

e=:_T_P~——|? = (—Jﬁ = I—L [._3-63
TR 2c don X

- TLe. f‘ol—mla'onc.‘ JiSp]qcenen\-— AD Er‘a.d_l Qn.é M-c Ii'\&f'
C‘B\'Sﬂmcemeﬁl—- X are f‘e\e.l-ea bg'.
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N= _1 [[2.593 tsed Ohen RO Lrenl
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Basnc Shapes and Thelr Moment of Inertia
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- 2
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=2m Im
=5 @12 @

@ a s e
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= & Cus U s W2
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Liss  Mrss
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- TLe Q\bu.r‘ eslusdn'em Con \oa CQ)N'O}‘\‘QA TN ko qa S.'\o‘\e M’r/lx:

] 1 to t% tg 11T ap - [ do ]
0 1 21;0 323 a _ | w
1 f-f tf tf a9 qy
0 1 2t 3t as | vy

Q)= Qo+ Qut 1 Ok Ca b3+ Gyt + Qs k®

do = ao+aste +axty + asty + asty + ast
Vg = a1 +2astp+ 3a3t% + 4a4t3 + 5a5t3

Qg = 2aq+ 6agty+ 12(1.41‘% + 2Oa5t3

qf = ap+aity + G~2t2} T a3t§ + 04?-} + ast‘r}
vg = @y +2agts+ 3a3t§ e 4a.4t:} ‘& Sast“}
ay = 2az+ 6asts + 12a4t} + 20ast}

which can be written as

L to t§ 5 tg 88 J[a] [ @]
0 1 2ty 3t3 4t3 5t} ay Vo
0 0 2 6t 12t3 20t3 ag | | ao
1 ity t? t:} t‘} ti‘- as q5
0 1 2ty 3t3 4t; 5t} ay vy
0 0 2 6ty 12t3 20t3 | | as | | af |

—_ \‘(' \S LL¢ bqséc HOU'Q.CLO‘B 3iuer\ loj a l;‘«egr MOL{M
Q‘—OM Q. PD\'I\I— lo Ou\bw-ef po\'n(- iV\‘HQ Jbi-'\v QP“-¢¢~
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— ﬂe maa'.‘:u\,lqlof Mu.slf mMove ﬁfon q_(éoS:‘:L I'O
ﬂ(ép) = G, uvhile Sq,'iY[_‘jl'/\\ﬁ He mrax. ve(oci’—y
cnd accelerahon Conshraials,

— Tle PTP n He Jo\'f\l— Space 15 eXPchSQc} as o
Conbinabion o0 G 9 Qp <

QO = Lo + SO b
%

Where 2 0= SU) < SO < S =

->Tle ﬂb“u.s'mﬂ conskreinks raugh be presethJ :
|§C@lééh'~x / émq >C>
—.ér\-a.\( g g(é)é as.:n« / .S._m / §+M4-x 7 0

[J The complete equations of a PTP motion in the joint space
from q, a q; are expressed as functions of the planned
variable s(t) as:

qt) = q,+s(t(q,-q,)=q,+s()Aq
qt) = s(t(q,—q,)=5(HAq
C|(t) = 's'(t)(qr = qu) - §(t)Aq
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S rax

= Bj He I'MFOS;L'OA o e f.ho.l Conshvajals 3

Gfke-bo= (bt r (bt = Loy &J&.L)(i

6‘) l:?.—(:.:_é_ ——..L SS& + SS &

[J The time interval at constant velocity actually exists only if

1 l é1'11&1.‘ émzu
t,~1, >0=—>—| =4

- — .|+
. - S S

max max a

S i A W E

max max max

[J On the contrary if

the profile is divided in'two intervals only:
B fort € J' = [ty t*] the maximum acceleration S, is applied
B forit € 3” = [t*, ] the maximum deceleration S, is applied

= The profile is “bang-bang” in the acceleration, corresponding
to a triangular velocity profile
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—> __Eq\m.f’ibt\c. o(’— Bo@j ‘%22 procu'lg 2

_ B 5., ted
[J Acceleration: §(t)=

-5 ey

max

J§;a_‘(t—t0) teJ’
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l‘s‘;m(t—t(,)2 ted’
O Position: s(t) =4 2

—%'s';ax(t—t*)2+é*(t—t*)+s* ted”

\

N.B.: The initial conditions have been already imposed:
s, =s(t,)=0| [$,=5(t,)=0

+ Al igbia ndih 3

-
N

-
g

e o
[ )

- N < f i (1)
S = S(E ) = -—QLSMX (ééLO) s

o
>

(=]
()
*

S”‘-: So(—(_'*) = ‘8‘4-""“ CE'_L-D\ ) 00z t-bq;‘lpo‘(qo._s “os

P M Ll Coudibass S 80 7

%, s} r
O rax £

-
. 'Ul N
.

o
© O
[+]

.
o
o
(¥

Se = Ae)= |
gf = S CEP) = O -

dhNVown aoom

(=)

0.2 0.4 086 08
tempo (s)

£ M Ho Locb iervels [E* ks = S*

— -
é’ ...._y.

®

STUDENTS-HUB.com Uploaded By: Mohammad Awawdeh


https://students-hub.com

A He Cal Wenelz| Lot = &

@ "

&

— Tle nax. u¢lo¢{b s % % \(2 S:m 3;1
"Su:)

— Tl Juakion of He Complele mohion i§ 3

o (ec_z-,o)=j 2 (Sl+ 8 |4

St S

Motion planning with a constant acceleration

vy —v; = a(ty —t;) (2:1)
The distance covered can be calculated as the area of the trapezoid:
vi +v
sy —si = (=—5—L)(ts — t:) (2.2)
Rearranging (2.2):
2v; + vy — v; (v —vi)(ty — i) !
sp— 8= (L) (ty — t;) =vilty —t;) + L —21 (2.3)
Substituting (2.1) in (2.3) gives:
1 2
sy — 8i = vi(ty — t:) + salty — t;)? (2.4)
Rearranging (2.1) gives:
(st L0 5 (2.5)
a
Substituting (2.5) in (2.2) gives:
vi + vy, Vf — Y l'.j’; - F';T') slios
S S - 2.6
LS ( 2 ) a ) 2a ( )
Re-arranging provides the following important equation:
l‘j- — v = 2a(sy — si) (2.7)
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